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1. INTRODUCTION

The economical stability and social sustainability of countries, worldwide, depend on their healthy
and rich agricultural soils with supportive ecosystems. Agricultural soils have long been regarded
merely as a means of holding up the plant and as a result, they have not always been managed
properly to maintain and enhance their crop production capability. Many of the technologies and
approaches used in food production systems have exploited the natural resources and degraded the
environment. Degradation has impaired the socioeconomic wellbeing of people who depend on the
land for their sustenance and survival. Decades of excessive soil erosion by both wind and water lead
to soil and nutrients depletion and other degradative processes such as acidification, salinization, and
compaction and loss of organic matter has resulted due to poor farming practices. This, in turn, has
caused a decline in soil quality over large areas and has reduced soil productivity and crop yields in
many places. Subsequently, the soil quality has no longer been maintained even with greater levels of
technological inputs. Increased sediment and chemical pollution from runoff and deep leaching of
fertilizer and pesticides into groundwater are additional concerns.

Principles of soil conservation have known and applied for long back and world nations have
developed and implemented national conservation and soil reclamation programmes to help and
ensure sustainable food production for future generations. The goals and objectives for soil
conservation and management, in policy decisions were targeted at erosion control driven by the
relationship between erosion and soil productivity. Yet, past and recent assessments conducted on
regional and global scales indicate that these positive interventions by human actions are having only
a minimal impact on soil rehabilitation. The fact is that human-induced degradation is still causing the
major loss of millions of hectares of land from agricultural production every year. It is now being
recognised that erosion control alone is not sufficient to protect soil against the loss of productivity.
Other degradative processes including acidification, salinization, compaction, loss of organic matter,
and loss of biological activity and diversity must also be controlled. It is also recognized that the cost
of soil degradation is greater than simply its effect on agricultural productivity but, must also consider
other additional attributes such as soil quality, environmental quality, food safety, and human and
animal health. In the past, science and agriculture have largely overlooked or ignored their
relationship with soil quality.

2. THE ROLE OF SOIL IN ENVIRONMENTAL QUALITY AND HUMAN HEALTH

As with air and water, humans and most animal life could not be sustained without the soil because
the soil provides their major source of food, however; the soil does far more for society than just
producing food. A healthy or good quality soil acts as an environmental filter for cleaning air and
water (Fig.1). Soil regulates and partition water flows through the environment by controlling
infiltration and the retention and release of water in the soil profile and below the rooting zone. Soils
can store almost the level of carbon stock than the atmosphere, if managed properly is a major sink for
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global gases and can favourably affect the atmospheric carbon dioxide balance by offsetting emissions
from the burning of fossil fuels. Soil is the ultimate receptor and incubation chamber for the
detoxification, decomposition, and humification of organic wastes and recycling of nutrients from
these materials back to plants. Soil degradation induced by erosion represents a major threat to food
production and ecosystem service globally. (Sankar, et al, 2018). Soil can pollute air and water if
mismanaged, and in some instances, these adverse impacts may be more important to society than the
effects of soil degradation on agricultural productivity. There is a strong linkage among health and
quality of the soil, nutritional quality of food, and human health. Well, being and prosperity of people
whose lives depend on the food produced by soils. Lal, (2009) said that Soil degradation affects
human nutrition and health through its adverse impacts on the quantity and quality of food production.
The decline in crops’ yields and agronomic production aggravates food-insecurity that currently
affects 854 million people globally, and low concentration of protein and micronutrients (e.g., Zn, Fe,
Se, B, 1) aggravate malnutrition and hidden hunger that affects 3.7 billion people, especially children.

Deckelbaum et al. (2006) Econutrition integrates environmental health and human health, with a
particular focus on the interactions among the fields of agriculture, ecology, and human nutrition. Soil
loss and degradation and human undernutrition are major barriers to economic development in
developing countries.
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Fig2. Link between soil degradation and human health (modified from Deckelbaum et al. 2006)

3. THE CONCEPT OF SOIL QUALITY

Soil quality is a new concept which describes its capacity to perform three major functions,
productivity enhancement, environmental protection, and health (Parr et al., 1992). Though several
definition of soil quality exist one that appears to receive general acceptance and includes these three
functions is the capability of a soil to produce safe and nutritious crops in a sustained manner over the
long term and to enhance human the environment. This definition recognizes that the functions of soil
performs in agroecosystems go beyond those of traditional crop production and that the term soil
quality is not synonymous with that of soil productivity which has been historically the case. Soil
quality subject to change with land uses and varies over time because of continues change and
variation in its properties (Karlen et al., 2003). Optimum qualities of physical, chemical, and
biological properties of soil are critical to maintaining the optimum fertility (Schoenholtz et al., 2000).
Soil quality can also be defined as the capacity of a specific kind of soil to function, within natural or
managed ecosystem boundaries, to sustain plant and animal productivity, maintain or enhance water
and air quality, and support human health and habitation.

The need to broaden the definition of soil quality to include these three functions or attributes have
been highlighted by many soils scientists worldwide. The attributes of soil quality should not be
limited to the issues of soil productivity per se, but should also include on an equal basis, environment
guality, human and animal health, and food safety and quality. The soil scientist’s proposed that a
minimum data set be developed to indentify scientifically valid criteria for soil quality assessment and
monitoring. The development of a soil quality index was also suggested as a means to help identify
problems in production areas and make a realistic estimate of world food prospects, provide
information for predicting the effects of global climate change, and stimulate governments to
formulate realistic agricultural policies and allocate scarce soil resource wisely.

4. COMPONENTS OF SOIL QUALITY

The soil quality as discussed above is a composite of the individual capacities of the soil to perform
productivity, environmental and health functions. Thus a set of indicators or attributes of soil quality
should serve as a measure of how well the soil can perform these functions as well as respond to
change in management practices.

5. PRODUCTIVITY

The soil function that is best understood in terms of science and application is crop productivity. Most
soil science textbooks and related literature treat soils and soil management from the standpoint of
maximising the productivity for use of the soil to produce crops. Soil attributes important to
productivity are those that influence the physical, chemical and biological properties of soils. Plants
species vary in their soil requirements for optimum growth conditions. (e.g. soil depth, texture, pH,
fertility, etc.,) thus across a range of crops, the attributes needed to optimize the productivity may be
similar but may differ in degree. Soil properties and conditions at or near the soil surface which are
important for crop production can be improved through cultural and management practices with
varying success.

6. ENVIRONMENT

The soil quality component that relates to the environmental function is less understood than that of
productivity. Baer et al., (2012) Ecosystem services benefit human welfare through supporting or
regulatory functions. Conservation based soil management provides food, fuel and fiber; controls
erosion; infiltrates water; abates nutrients; regulates greenhouse gases; and reduces agricultural pests,
recycling, decomposition and humification of organic amendments and sequestration of carbon.
Abundant and diverse belowground biota influence all of the ecosystem services provided by soil.
Others may include the capability of the soil to detoxify organic wastes through bioremediation and to
serve as a receptor for the decomposition of human wastes such as sewage and garbage and the return
of nutrients and carbon back into soil constituents

7. HEALTH

Least understood is the soil quality component that relates to the human and animal health and food
safety functions. There is some evidence in the literature that suggests that soil quality can affect the
nutritional quality of food produced on certain soils; however, the relationship is usually not well
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understood. The presence of heavy metals or toxic organics in the soil with high bioavailability or
excessive nitrates may not impair the soil productivity or environmental functions but could result in
low food quality or food unfit for human and animal consumption. Soil qualities are known to directly
or indirectly affect the nutritional quality of crops include pH, available nutrients, texture, organic
matter content, and soil water relationships. However, the type of response of soil quality on food
guality maybe modified by crop and variety, type of fertilizer management practices and handling and
storage conditions

8. SOIL QUALITY AND SUSTAINABLE CROP INTENSIFICATIONS

Sustainable crop intensification includes a number of attributes that may be weighted differently
depending on their importance in a locale or region. These include the issues of profitability;
productivity; soil, water and air quality; energy efficiency; fish and wildlife habitat; quality of life;
and social and cultural acceptance. Regardless of various factors and their weightage, soil quality
must be maintained or improved and it is regarded as a key indicator of sustainable crop
intensification.

It is important that the attributes used to monitor changes in soil quality in response to changes in
farming practices are (1) sensitive enough for the time period in question, and (2) accurately reflect
the net of positive and negative influences of soil management over time. It is also important to know
and understand the process by which the components of a management system affect soil quality and
sustainability. This type of information is required for designing soil management systems that will
improve soil quality. The scientific research organisation of the national academy of science, in their
recent report on soil and water quality under the agenda for agriculture, recommends that our national
policy should seek to conserve and enhance soil quality as a fundamental first step to environmental
improvement. The report emphasizes that the first step in controlling water and air pollution should be
through the improvement of soil quality. Thus, improving soil quality maybe the most effective
approach for responding to society’s criticism of present-day production agriculture for failing to meet
sustainability goals.

The best means of improving or maintaining soil quality are alternative agriculture practices such as
crop rotations, reduced tillage, recycling of crop residues and animal manures, optimised use of
chemical fertilizers and pesticides and increased use of cover crops and green manure crops, including
nitrogen-fixing legumes. All of these practices tend to enhance beneficial soil biological activity and
diversity and in turn to increase the soil organic matter content and nutrient availability and the
resistance of the soil to erosion and nutrient runoff.

Parr et al. (1992) presented a conceptual diagram of how the various attributes of soil quality are
linked with strategies of alternative agriculture and the goals of sustainable crop intensification.
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Fig3. Highlight that soil quality occupies a pivotal position in these relationship demonstrating that it is a vital
linkage to a more sustainable agriculture.
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